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Abstract the CHESSX-ray Facility. Ignoring collectiveeffects,

. the standard deviation bunch length is given by [1]
Measurements of the beam’s bunch length in the Cornell

Electron-Positron Storage Ring (CESRgre madeausing o, :<T2>% - Y e 2 13 O
a streak camera. The experimental setnghthe analysis Qg d §I2 + I4H

techniques usedre described ithis paper. For a single wherel,, I3, and I, arethe synchrotron integrals. The
bunch in CESR, the dependence ofthe longitudinal terma is the momentum compactior, is the nominal
distribution on the buncleurrent and accelerating RF energy, and Qg is the synchrotronfrequency. The

voltage, wasmeasured and comparedith a simple  gynchrotron integrals thaeflect CESR, when thestreak

theoretical model ofthe CESR vacuumchamber cameraexperimentsvere performed, argenoted inTable
impedance. Some basigarameters othis model were 1.

determined from the measured bunch distributions Wigglers Open Wigglers Closed
presented in this paper. I 8.791m 8.791m

1 EXPERIMENTAL SET-UP AND 2 19336x10°m > | 1047x10 "m

ANALYSIS TECHNIQUE I3 1.716x10‘2m‘i 2.372x10‘2m‘i

The streakcamerauses synchrotroradiationproduced by :4 2'088X10_ 4m_1 2'744X10_ 4m_l
the accelerator dipole magnets to determine the > 3.890x10 "m 5.386x10 "'m
longitudinal bunch distribution. The synchrotrdight Uo 1.0290MeV 1.1541MeV
pulse istransportedrom the source, out of theacuum 4= 6.115x10™% 6.782x10™%
chamber, to aafelocation shieldedfrom radiation,where E
the streak camera measurements can be made. Oz 1.565x10 2 m 1.739x10"°m

The longitudinal profiles of the beam distribution are fitgple 1. The synchrotron integrals for CESR for ¢hse
to an asymmetric Gaussian function with a constawthen the wiggler magnetare open (CHESS is not

background given by collecting data) or closed.
(@=lg+h eXp%‘j L+ sgn(z-2)A)o, 0 % Wigglers | RMSa,(mm) | Asymmety Factor
h is th d land I+ is th K of th Closed 17.89+£0.35 —0.020 £ 0.022
where 1, Is the pedestal,and I Is the peak of the 5,0, 1591+ 0.12 0.0024 + 0.029

asymmetric Gaussian. The terragn(z—-2z)A is the
asymmetryfactor that parameterizedhe shape ofthis
Gaussian.

Table 2. TheCESR low currentbunch length results
with wiggler magnets open and closed.

The longitudinal distribution at lowcurrent is
2 CESR SINGLE BUNCH DYNAMICS  \4juable to minimize collectivesffects and gives the

The longitudinal phasespace inthe storage ring is OPPOrtunity tocomparethe CESRmodel with the time
determinedrom acceleratorcomponents as well asom ~ calibration of the Stretak Ctarlnera- Thetrt?_?_ultt)ls o;s)tl“mk A

; - camerameasurements at low current (Table can be
collective effects. INCESR, the electromagnetidields comparedwith the CESRmodel (Tablel). There is a
: : a§§/stematicdifferencebetweenthe CESRmodel and the
four hundred magnets, which guide the bundresnd the - oaqured/alues. The theoretical bunch length is 3.3%
accelerator, two RF accelerating stationszdanteract the smaller than the measured bunch length when the wiggler
bunchenergyloss due to synchrotron radiationand two magnetsare closed,and2.1% smaller than theneasured
wiggler magnets used to create synchrotron radiation for bunch length when the wiggler magnetge open. A
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single snap shot of the bunch distribution with thkengthbetweenthe currents from 1 to 3GhA. 2) The
wiggler open and closed is shown in Figures 1 (a) and (l@symmetry factor (shown in Figures(d) and (b)), which
measuresthe departurefrom a Gaussian distribution,

6204 B0ty increases inboth cases as dunction of current. The
P id : 1 ool @ & | asymmetry factor is linear with current, whether the
-§ a0 3 é sool wigglers are open or closeq. 3) The tail o_f thg distri.bution
z o il B gets longer as the current increases, which is a signature
-§ 560 - 5 560 of potential well distortiordue tothe resistivampedance
> sa0f | 540! of the vacuum chamber. Figures(&) through (c) are
& 620 gszo single data acquisition, at threéferent currents, fit to an
=" =0 asymmetric Gaussian function. These distributions can be

U e m———— ST used to determinghe vacuumchamber impedance of

0 100 200Ti3r;?g(p;1)00 500 600 0 Tim(p CESR.
Figure 1. A singledata acquisition of the bunch  °1— 195
distribution in CESR with: (a) the wiggler magnetssed 185 b ® §
at a current of 1.4 mA. (b) The wiggler magnets open &t 18 ™1 T
a current 1.4 mA., Si7sl A :

B ol g 18.5+ +

At low current, the collective effects for the bunch aré o5 o f 12 $
small. As a result, the equilibrium bunch length in &} , * x 18 '}
storage ring is inversely proportional to thguareroot of 0% }
the RF acceleratinggap voltage. At lowcurrent the 5% 15152 %5 % % 0 0 & 1 15 20 25 3
electron bunchlength in CESR wasmeasured as a Bunch Current (mA) Bunch Current (mA)

Figure 3. The bunch length in CESR as a function of

function of RF acceleratingsoltage. The meamnd root ,
giotag current for wiggler magnets: (a) open and (b) closed.
0.05————+—+—+—+—+—— 0.05 ! : : : :

meanerror were calculated at each REtting and plotted

in Figure 2(a). Fitting thedata to the function @ ®
ol L
0, = A(Vge)" gives a value ofn = -0.43+0.02. o . °”+
The measurement was alswde athigh current. The Eg R [ Boosf t
meanand root meanerror were calculated at each RFg 01t : g t }
setting and plotted in Figure 2(b). Fitting tata to the 5., $ o ;
. . <
function o, =AVge)" gives a value of t oo ¢ 8
m= —0.40 +0.04. O S Tt O O O
Comparing the low and high current resultscan be O e oy B O ety

concluded that the dependencetiid bunch length, on the Figure 4. The asymmetrfactor as aunction of current
RF accelerating/oltage, doesnot change aghe current in CESR for wiggler magnets: (a) open (b) closed.
changes in CESR and m<0.5. 90— ———————— T S
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Figure 2. The bunch length as a function of RF
acceleratingvoltage when thecurrent in CESR is (a)
3.20 mA and (b) 15.00 mA.
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The electron bunch distribution waseasuredor currents 500
from 1 mA up to 35 mA with wigglers opeandclosed. S S R —
A plot of the bunch lengtland asymmetry factor, as a 0 10 ZOOTiﬁ%O(pSfOO %0 60
function of current, with the wigglers opamdclosed is Figure 5. A singledataacquisition of theCESR bunch
shown in Figures 3(a) and (b). distribution when the wiggler magnetse open, and a

There are severalnoteworthy features of the single bunch currentis (a) 5.40 mA, (b) 15.0 naid (c)
experimental data: 1) There is a 12% growth in the bungd.5 mA.

2979



Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

4 CESR IMPEDANCE The uncertaintiesvere determined byvarying the
simulation over therange of measurement errors on the

{E th% sarﬂe (rjnatn_rt;e;_ that Lhe &E(;:eler(‘jatlngljt flelds;ffect asymmetryfactor and rms width. Comparisonbetween
€ ounch distrioution, beannauced voltages from e gimulated bunch distributions using  thebove
longitudinal wakefieldsalso influence the shape of the

e e ; . ; . [ d inductance and the streak camera
bunch distribution [2,3]. With potential well dlstortlon,reSIStance an "
the bunch distribution is static bufistorted from a measurements are shown in Figures 6 and 7.
Gaussian distribution by the beanducedvoltage. We
observe inCESR agreaterdistortion for higherbeam 5 CONCLUSION
current. Assuming that the bunchigakefield may be In this paper, we have reported the results from the single
parameterized by bunch strealcamerameasurements thatere doneor the
_ dip(t) first time at CESR. These experimentallowed us to
Mu(t) = Rip(t) + LT’ resolve the details of the beam distribution aetilable

the chargedistribution can bedeterminednumerically by by othgr techmqges. _We .have aIestthshgcthat the
integration [3]. Underthe assumption that thesistance Potential well distortion is the main singléunch
and inductance areonstant over themeasured range of collectiveeffect in CESR.  Itleads tosome asymmetry
bunch lengths, the resistivand inductive impedance @andlengthening of the beam distribution at highrrent.
are determined from arz fit betweenthe measuredunch have not registered any up to the highest valueuoent

. I d by the CLEO detector back dhresholds.
distributionsandthe simulated bunch distributions. Théir?;\;ﬁl weyha\(/aealso estaglﬁschgg thaact ?r:guvr\]/iggrﬁasnagn;

x? fitis given by changeghe synchrotron integrals, axpected resulting
n (S(t-)— M(t- ))2 in a change in bunch Iength.
X% = Z; The low current single beam bunch length
=1 S(ti) measurementsare in close agreementwith a simple

1= X
where St;) and M(t;) arethe simulatedand measured theoretical model oCESR. The bunch length growth
h heiah imet. in the distributi h with current, when the wiggler magneigre closed and
bunch height at timet; in the distribution.  From the oneneq was used to determine the impedanGESR, in

minimum )(2 fit the resistanceand inductancefor each this model.

current setting are inferred to be The assumption that the resistivand inductive
impedance isonstant, over the bunch lengtheeasured,
Ropen =1523+343Q and Ryosed = 1322 +310Q is consistent with the results. Thienpedance was

determined bycomparing themeasuredbunch length

and dependence onthe current and comparing it to
Lopen =65+12nH and Lyjgseq = 72 £13nH. sirﬁulations. With this method, the Ii)/acu%'rmamber
O Nemra s T R PN TTT T R impedance has a resistance of 152343Q and
18,5~ Smulation g (mm) L g Smuaedo mm) 1322+310Q and an inductan'ce of 6%12nH and
E 8 1€ ®) 72%+13nH for thecase ofthe wiggler magnets open and
1750 1 " 185 closed, respectively.
§ 1t 1 § .l Th_ese measurements confirm our understanding_of the
2 12 theoretical model othe CESR and werevaluable in
© T 175 exploring the possible future usage of streakeras as a
1o ' diagnostic tool in the CESR accelerator complex.
15.:0 %ingl;%Bﬂichjgurggn%?nA?S 0 170 éngle]é?uncﬁ?urrggt (miS) ® 6 ACKN OWLEDGEMENTS

Figure 6. Themeasured andimulated bunch length as a
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